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ABSTRACT 
The relationship between proliferation and melanin formation in monolayer cultures 
of mouse pigment cells was studied. 
Daily photographic record showed that a pigmented cell divided to form two pig-
mented daughter cells and a nonpigmented cell divided to form two nonpigmented ones. 
A pigmented cell proliferates to form a clonal colony of pigmented cells, all as pig-
mented as the parent cell. Almost all cells, whether pigmented or nonpigmented, have 
the ability to proliferate; hence the existence of a stem cell line is unlikely. 
The amount of melanin in a culture continues to increase after cell proliferation slows 
down. The melanin content of a cell decreases while the cells are proliferating logarith-
mically and increases rapidly when the rate of proliferation decreases. Results on 
radioisotope incorporation also show that when cells are at their peak of proliferative 
activity, their melanin-forming activity tend to be low; when proliferative activity 
declines, the rate of melanin synthesis rise rapidly. 
In the pigment cell line, genetic factors primarily determine the ability to form 
melanin. Within the limitation of the genetic make-up of these cells, melanin synthesis 
changes with cell den ity, the rate of proliferation, cell contact, and other environmental 
factors. 
In general, cells maintained as tissue com-
plexes retain their phenotypic differentiation. 
Pigm nt cell from chick retina (1) and mela-
noma cells from the mouse (2) and hamster (3) 
have been shown to lose their melanotic pheno-
type during rapid proliferation. This latter find-
ing suggests that with the on et of specific syn-
the is, replication ceases. However, pigmented 
cells in culture engage actively in both DNA 
ynthe is and cell division; hence proliferation 
and synthesi of pecialized products are not 
mutually exclu ive. Our study of the relationship 
between proliferation and melanin formation in 
monolayer culture of mouse pigment cells con-
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firms that these two activities can and do occur 
concomitantly. 
MATERIALS AND METHODS 
Cell lines and cell culture methods. 440B and 
440W cells, sublines of mouse melanoma cell line 
HFH-18 (4), were selected from the original line 
by serial clonings. Line 440B is pigmented, line 
440W is not. Both cell lines were propagated in 
Blake bottles in medium 199 supplemented with 
10% fetal calf serum and subcultured every 12 to 
14 days after trypsinization. For individual stud-
ies, 103, 5 X 10\ or 105 cells were seeded into a 
60 X 15 mm Falcon plastic tissue culture dish and 
incubated at 37° C in a moisture-controlled cham-
ber with 5% C02 in air. 
In order that the effect of crowding on cell 
proliferation and melanin formation could be 
studied. some culture di hes were tilted so that 
the cells were crowded into about half of the 
bottom space. After the cells had settled and be-
come attached to the dishes, the latter were placed 
horizontally. 
Photographic study. 103 cells were seeded into 
a ti sue-culture dish as subcultures. After 24 hours' 
incubation, single cells were marked and photo-
graphed daily and changes in proliferation and 
pigmentation were recorded. 
Melanin determination. A quantitative colori-
metric method modified after Foster et al. (5) 
was used for melanin determination. Cells were 
harvested by 0.25% trypsin solution, collected 
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after centrifugation, and resuspended in physio-
logical saline. A small sample was taken and 
counted with a hemocytometer to determine the 
total number of cells in each culture. The remain-
ing cells were again collected by centrifugation and 
dissolved in 2.0 ml of 0.85 N KOH heated to 
100° C for 15 min. After the sample had been 
cooled to room temperature, optical density (OD) 
was measured with a Beckman spectrophotometer 
tion. Then the fil ter was dried, placed in a gla s 
scintillation vial, and covered with 8 ml of toluene 
containing 0.5% PPO (2.5-diphenyl oxazol) and 
0.01 % .POPOP (p-bix-2.5-phenyloxazolyl benzene) . 
Countmg was performed in a Packard Tri-Carb 
liquid scintillation spectrometer. The protein con-
tent of the sample was determined with the Folin-
Ciocalteau reagent (8). 
at 400 m~. When the number of cells per dish was 
too many to be dissolved in 2.0 ml of 0.85 N KOH, 
a fraction of the sample was used and the OD 
was corrected to represent the whole sample. The 
effect of ultraviolet irradiation on melanin pig-
mentation was studied by 1-second exposure of 
the culture to UV light at 3, 6, and 9 days of 
cultivation. N onirradiated duplicate cultures served 
as controls. The OD's of both sets of cultures were 
determined and compared. The source of UV ligh t 
was a Hanovia Aero-Kromayer lamp, Model 
2221A. During irradiation, the cover of the culture 
dish and th medium were removed. The intensity 
for the pectral region of 3130 to 1850 A on contact 
with the front \Yindow was 70,000 microwatts per 
square centim ter. The distance between the light 
source and cell ''"as 10 inches. 
M easuremeni of the incorporation of radioiso-
topes . For th quantitative determination of radio-
isotope incorporation, 1.0 ~c/ml 3H-thymidine 
(Thymidine-methyVH, New England Nuclear 
Corp. (NEN), specific activity 6.7 c/mM) or 0.5 
~c/ml 14C-tyrosine (L-tyrosine-14C(U), NEN, spe-
cific activity >30 mc/ mM) were added to the 
culture and. incubated for 1 hr. For measuring the 
incorporation of 14C-tyrosine into melanin, 250 
~ujml of cycloheximide (3[2,3.5-Dimethyl-2-oxo-
c;clohexyl)-2-hydroxymethyl]glutamin, Sigma) 
were added 30 min before the addition of 14C-tyro-
sine to inhibit protein synthesis (6). After 1 hr 
incubation with radioactive isotopes, the cultures 
were w·ashed th ree times with the culture medium 
and incubated in the fresh culture medium for 15 
min. After incubation with 3H-thymidine, non-
radioactive thymidine, 1000 X more concentrated 
than the radioactive, was added to the fresh 
culture medium. Normally, the concentration of 
nonradioactive in the tyrosine culture medium was 
about 200 X that of 14C-tyrosine in the labeling 
medium so that extra amounts of cold tyrosine 
were not needed. Again the cultures were washed, 
this time with physiological saline, the cells were 
harvested by 0.02 % EDTA solu~ion , coil c~e~ by 
centrifugation. and resuspended m 0.5 ml d1si1lled 
water. . 
The samples were processed for liquid scintilla-
tion counting by a modification of the filter paper 
technique of Mans and ~ov~lli ~7) .  Th~ cells were 
broken up by rapid freezmg m hqmd mtrogen an~ 
thawing three times, precipitated in cold ~o/~ trl-
chloracetic acid (TCA), and collected on M1lhpore 
filter (HA WP 25, Millipore Filter Corp.) sup-
ported on a borosilicate glass filter holder. The 
filter was washed repeatedly with cold 5%-TCA 
and finally with absolute isopropanol under sue-
RESULTS 
The development of clonal colonies. The for-
mation of a colony from single piO'mented cells 
(440B) was recorded by daily photographs. 
Twenty-four hours after subculture, cells had 
attached to the culture dish, and each cell di-
vided in two during the next 24 hours. Gener-
ally, a pigmented cell proliferated to form 2 
equally pigmented daughter cells (Figs. 1, 2). 
During succeeding days, they continued to dou-
ble their number about every 24 hours to form a 
colony of uniformly pigmented cells (Figs. 3, 4, 
5) . Not all colonies showed uniform pigmenta-
tion; in the same culture, some colonies were 
compo ed of cells with various degrees of pig-
mentation (Figs. 6a, b). The pigmentation of 
individual cells generally decreased during rapid 
proliferation. When the colony became large, 
cells that had piled up in the center were hyper-
pigmented. Some cells, though they seemed 
healthy and sometimes increased in size, neither 
proliferated nor showed any change in melanin 
pigmentation (Fig. 7) . 
Some nonpigmented cells proliferated and ini-
tially formed nonpigmented colonies; but when 
these colonies had increased in size, those cells in 
the center often became pigmented. However, 
pigmented cells were eldom seen among nonpig-
mented 440W cells (Fig. 8) . 
Melanin determination. After the pigmented 
cells had been heated in 0.85 N KOH to 100° C 
for 15 min, they dissolved to make a transparent 
brown solution, which followed Beer's law, that 
is, the relationship between the OD and the de-
gree of dilution appeared to be linear. The dis-
persion was so complete that no precipitate was 
observed even after the solution had been left 
standing overnight at room temperature. When 
440W cells with little or no melanin were dis-
solved, a transparent colorless solution resulted. 
The OD per 104 440W cells was between 0.08 
and 0.19; that of 440B was more than 2.5. 
Therefore, more than 92% of the OD observed 
in 440B cells was due to melanin, and changes of 
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Fms. 1- 5. Serial pictures showing a clonal colony formation derived from a single plg-
ment cell. Pha e contra t. 
Fro. 1. Day 1. A pigmented cell at 24 hr. after inoculation Fro . 2. Day 2. 24 hour after Fig. 1. Note a slight difference in the pigment content in the two daughter cell . 
Fro. 3. Day 3. The c lls further proliferated into four pigmented cells Fra. 4. Day 4. even cells are in the colony. All are pigmented. Although individual cells look a little lighter in color, the amount of melanin in a whole colony obviously increased. The number of cells doubled from day 2 to day 3 and almost doubled from day 3 to day 4. Gen ration time of the cell is about 24 hour . 
Fro . 5. Day . A big clonal colony was formed. All cells are uniformly pigmented 
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FIGS. 6a, b. A clonal colon~· derived from a single pigmented cell. 8 day culture. Note 
the variation in the degree of pigmentation. a: Phase contrast. b: Ordinary ligh t . 
cellular constituents other than melanin did not 
seem to affect the results. 
Measurements of melanin were made at inter-
vals throughout the cultivation of 440B cells 
(Table I). After an initial lag, cells proliferated 
logarithmically until the number of cells in a 
dish reached about two million. The amount of 
melanin also increased logarithmically and con-
tinued to increase exponentially after the rate of 
proliferation had decreased. The melanin con-
tent of a cell was calculated by dividing the OD 
by the number of cells. At 3 days cultivation, 
the OD per 104 cells was 4.58, which decreased 
to 2.66 at 6 days. The melanin content did not 
increase until the rate of proliferation had 
slowed down ; after that it increased rapidly to-
ward the end of the culture (3.37 at 12 days and 
5.40 at 15 days). 
The effect of UV light on cell proliferation 
was slight, but was more pronounced on melanin 
content. The cell counts on days 9 and 12 were 
131.2 X 10' and 363.8 X 10~ re pectively in the 
irradiated cultures and 155.7 X 10' and 371.7 X 
104 re pectively in the controls. The OD per 104 
irradiated cells on days 9 and 12 was 2.31 and 
2.24 re pectively compared with 2.71 and 3.37 of 
the control cultures. To exclude the possibility 
of extracellular release of melanin granules, cul-
ture media were collected and centrifuged at 
every feeding and their melanin content was de-
termined. The OD of the precipitate was negligi-
ble (les .. than 1% of that of the cells) in both 
UV irradiated and control cultures. 
A comparison between cells grown on one-half 
of the culture dish and those on the whole dish 
showed very little difference between the OD's 
per 10' cells up to 8 days; but from day 11 on, 
the difference became increasingly evident until 
44 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
FIG. 7. Serial pictures of a pigmented cell from 1 to 7 days of cul tivation . This cell 
neither proliferated nor changed in melanin pigmentation. Numbers on the photo indicate 
the days of cultivation. Phase contrast. 
FIG. 8. 440W cells. 24 days of cultivation. One heavily pigmented cell among nonpig-
mented cell . Phase contrast. 
at day 15 the OD per 10' cells in the half 
dish was almost double that in the whole dish. 
On the other hand, the cell counts did not differ 
strikingly, although they were generally less in 
the half dish than in the whole dish (Table II, 
Figs. 9 and 10). 
Incorporation of radioisotopes. The incorpora-
tion of 14C-tyrosine by 440B cells with or with-
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TABLE I 
Proliferation~and melanin formation in 4JtOB cells 
80.5% of incorporated tyrosine was utilized in 
melanin synthesis compared with about 50% at 
days 5, 11, and 14. Protein synthesis was esti-
mated by subtracting the rate of incorporation 
of uc-tyrosine in the presence of cycloheximide 
from that without the inhibitor. The value at 
day 14 was more than three times that of day 5. 
The amount of protein per cell decreased from 
day 5 to day 11 then increased from day 14 to 
day 17 (Table III). 
Days No. of cells OD OD/10• cells 
3 5.9 X 104 27 4.58 
6 33.1 88 2.66 
9 155.7 422 2.71 
9 (UV) 131.2 305 2.31 
12 371.7 1249 3.37 
12 (UV) 363 .8 815 2.24 
15 628.3 3395 5.40 
UV = UV irradiation 
TABLE II 
The effect of crowding on cell proliferation and 
melanin format ion 
Days No. of cells OD I OD/104 cells 
Whole-dish 
4 10.6 X 104 49 4.68 
8 50.7 136 2.68 
11 130.9 390 2.96 
13 211.4 665 3.17 
15 324.9 1325 4.08 
18 465.1 2353 4.99 
Half-dish 
4 10.1 X 104 50 4 .98 
8 48.0 153 3.21 
11 120 .9 506 4.16 
13 201.1 949 4.71 
15 280.8 1935 6.90 
18 372.8 3053 8.23 
out cycloheximide and of 8H-thymi~ine w~s 
measured at 5 and 11 days of incubatiOn (pen-
ads of exponential growth) and at 14 and 17 
days (periods of proliferation slow-do:-rn). The 
melanin content of a cell decreased unt1l day 11, 
then increased rapidly between days 14 and 17. 
The initially high incorporation of 8H-thymi-
dine per cell decreased slightly at days 11 and 
14; at day 17, when the rate of proliferation 
slowed down, it dropped to 43% of that of day 
5. Figure 11 shows the values of thymidine in-
corporation to be in inverse relationship to those 
of tyrosine incorporation in the pre ence of cy-
cloheximide. 
DISCUSSION 
The success of selectjng pjgmented and non-
pigmented clonal lines from a wild population 
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The incorporation of 14C-tyrosine in t~e. pres-
ence of cycloheximide measures the act1v1ty of 
melanin synthesis (6). The percentage of HC-ty-
rosine utilized in melanin formation was calcu-
lated by dividing the amount of its inco~pora­
tion with cycloheximide by the amou~t without 
the inhibitor. The rate of 1'C-tyrosine mcorpora-
t . in the presence of cycloheximide increased lOll "dl b gradually from days 5 to 14 and rapi y etween 
days 14 to 17 (Fig. 11, Table III). At day 17, 
FIG. 9. The effect of crowding on eel~ prolifera-
tion and melanin formation. A compariSon o~ t~e 
number of cells and the amo~t of ~elarun m 
440B cells in a wh?le culture dish and m one-half 
of the side of the diSh. 
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FIG. 10. The effect of crowding on cell prolifera-
tion and melanin formation. A comparison of the 
melanin content of 440B cells in a whole-dish 
culture and a half-dish culture . 
indicate that almost all cells can proliferate. 
Daily photo<Traphic records and autoradiographic 
study (9) during their growth in vitro con-
firm that pigmented cells divide as actively as 
nonpigmented cells. erial photographs of 440B 
cells examined and followed during culture show 
that a single cell can develop 1) as a colony of 
piO'mented cells, all of which are as pigmented as 
the parent cell, except at fir t, when they are 
ometime sli<Thtly less pigmented; 2) as a col-
ony predominantly pigmented but containing a 
few less piO'mented or nonpigmented cells; 3) as 
a colony initially nonpigmented, which becomes 
pigmented in the center where the cells have 
piled up ; 4) as a viable but non proliferating 
cell, either pi<Ymented or nonpigmented. 
At first glance, these observations eem to 
contradict earlier results reported by Hu (10), 
who de"cribed the development of essentially 
nonpigmented cells into pigmented ones. Closer 
analysi , however, reveals that the earlier obser-
vation were based on the O'rowth pattern of the 
original cell line, HFH-18, which represents a 
wild populat ion of cells with different degrees of 
melanization. These cells had been propagated in 
rapid succession and subcultured every 7 to 10 
days while still in the logarithmic phase of 
growth and while their melanin synthetic activ-
ity was low. Hence, in early subculture these 
cells appeared to be mostly nonpigmented; only 
when permitted to grow for a longer period of 
time (over 14 days) did they develop into me-
lanotic cells. The lack of pigment was essentially 
the result of dilution, i.e. the large number of 
cells and the short time of growth in vitro. Even 
under these conditions, mitotic division of pig-
mented cells was observed occasionally; how-
ever, most of the cells that proliferated actively 
during this stage were amelanotic. 
The relationship between proliferation and 
melanin synthesis appears t o be an inverse one. 
When cells are at their peak of proliferative 
activity, their melanin-forming activity tends to 
be low; when the rate of proliferation slows 
down, the rate of melanin synthesis rises rapidly. 
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FIG. 11. Incorporation of 3H-thymidine and of 
14C-tyrosine with and without cycloheximide in 
440B cells. Note symmetric change of the in-
corporation of 3H-thymidine and of 14C-tyrosine 
in the presence of cycloheximide. 
TABLE III 
Incorporation of 3H -thymidine and of 14C-tyrosine with and without cycloheximide in 440B cells 
31-l-thymi- 14C-tyrosine 14C-tyrosine + Protein OD/ 10' dine cycloheximide Days CPM/104 CPM/ 104 CPM/ 104 cells b/ a X 100 a-b }'g/ 104 No. of cells OD cells 
cells cells (a) (b) cells 
5 36. 79.3 3 .6 48.7 40.7 5.76 17.4 X 104 103 5 .98 
4.07 66.5 259 3.91 
11 34:.5 159.0 97 .2 61.1 61.8 3.42 154.2 406 2.64 
14 32 .2 266.5 137. 1 51. 4 129 .4 3.55 376.8 1576 4. 09 
17 15.9 360.5 290.2 80.5 70.3 5.03 493 .2 3602 7.26 
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The amount of melanin in the culture continues 
to increase logarithmically after proliferati<:m 
slows down. The melanin content of a cell de-
creases while the cells are proliferating loga-
rithmically and increases rapidly when the rate 
of proliferation decreases. 
when protein synthesis is at its peak (Table 
III). We suggest that the extra high protein 
synthesis at this time is related to synthesis of 
the tyrosinase and of the structures related to 
melanin formation. 
Results on radioisotope incorporation show 
that when the incorporation of 3H-thymidine de-
creases, that of 14C-tyrosine increases. Since in-
crease is not inhibited by cycloheximide, the ac-
celeration of melanin formation is related to re-
duced growth rate. 
Cessation of proliferation alone, however, does 
not affect melanin synthesis. Cells that cease to 
multiply do not automatically increase pigmen-
tation. The cell illustrated in Figure 7 is an 
example. During 7 days of culture, it changed in 
shape and possibly in size but not in pigmenta-
tion. 
Crowding also encourages melanin formation. 
w· e have shown t hat growing cells in limited 
space results in a higher content of melanin in 
the cells. Crowding probably affects melanin for-
mation more through a reduction of growth rate 
and an increase of cell contact than through 
humoral factors such as conditioning of the me-
dium. 
As reported previously (11), UV irradiation 
suppressed both proliferation and melanin for-
mation in cultured pigment cells; its effect is 
more marked on melanin formation. The inhibi-
tion of melanin formation in this instance cannot 
be explained by the cl1ange in growth rate. We 
do not know exactly how UV light acts on me-
lanin synthesi . 1J nder the conditions of our ex-
periment, it may specifically inhibit tyrosinase 
activity. 
Protein synthesis is required during cell prolif-
eration more so during the synthesis of tyrosin-
' . 
ase before melanization. The strikingly h1gh ac-
tivity of protein synthesis at 14 days culture is 
of special significance. During periods of rapid 
growth, i.e. from 5 to 11 days after subculture, 
the amount of protein per cell decrease ; from 
days 14 to 17 when the growth rate slows down, 
it increases. These :findincrs confirm the observa-
tion that cell decrease in size when they multi-
ply rapidly and increa~e when they are station-
ary. But size alone is not enough to account for 
the high protein synthetic level at 14 days. Nor-
mally the melanin content of cells drops to a 
low l~vel shortly after subculture, then begins to 
rise on or around day 14, almost the same time 
To summarize, a pigmented cell divides to 
form two pigmented daughter cells, and a non-
pigmented cell divides to form two nonpig-
mented ones. The existence of a stem cell line is 
unlikely. Serial pictures and autoradiographic 
analysis of DNA synthesis (with a 24-hour ex-
posure to 3H-thymidine, 84.0o/o of the cells were 
labeled) (9) confirm that almost all cells have 
the ability to proliferate. Genetic factors pri-
marily determine the ability to form melanin. 
Most of the cells resemble the parent cell. Muta-
tion from a nonpigmented cell to a pigmented 
one and vice versa is possible. Within the limita-
tion of the genetic make-up of these cells, me-
lanin synthesis changes with cell density, the 
rate of proliferation, cell contact, and other en-
vironmental factors. 
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